.
13
Gram-negative bacteria harboring wide-host-range conjugative plasmids can transfer 14 these plasmids to yeasts (Heinemann and Sprague, 1989; Sikorski et al., 1990; 15 Nishikawa et al., 1990 and 1992; Hayman and Bolen, 1993; Inomata et al., 1994; Bates 16 et al., 1998) . Whole plasmid DNA is mobilizable in the transkingdom conjugation 17 (TKC) phenomenon. Various conjugative plasmids are available in bacteria (Thomas, 2 1989). TKC is interesting from an evolutional view point and increase of its efficiency 1 is expected from a biotechnogical view point. Combination of a derivative of RK2 as 2 ahelper with incQ-type mobilizable plasmids allowed us to demonstrate the rare 3 integration of mobilized DNA into yeast chromosomes (Nishikawa et al., 1992) .
4
The conjugation plasmids are essential in TKC (Heinemann and Sprague, 1989) . Cell (Difco), 2% glucose, 2% agar supplemented with lysine, leucine and histidine), which is 9 selective for the resulting yeast transconjugant cells.
10
When recipient yeast strains were prototrophic for uracil (Ura + ) and/or had an 11 additional mutation that causes auxotrophy for uracil, the donor strain was replaced with 12 HB101(pRH220, pMZ1) or HB101(pRH220, pMZ2) and leucine in the selective agar 13 was omitted in place of uracil. The plasmids used in this study are listed in affect TKC efficiency well.
5
We confirmed the linkage between each mutation and the defect in the 6 transkingdom conjugability ( Table 2) vATPase is encoded by two structural genes-namely, VPH1 and STV1 et al., 2001) . As shown in Fig. 1 , the stv1 mutation (strain 149B8) 2 had a subtle effect, while the vph1 mutation (strain 144H12) indicated a little effect.
3
Therefore, we prepared a double-mutant strain by disrupting STV1 gene in the vph1 4 strain. As shown in Table 3 (a), the double mutant (vph1 and stv1::HIS3) exhibited 5 very low efficiency, comparable to those of the other subunit mutants ( Table 2) .
6
Therefore, it is clear that every subunit of vATPase is prerequisite for TKC.
7
Each mutant in three genes (VPH2/VMA12, VMA21 and VMA22) responsible for the 8 assembly of the vATPase subunits in ER (Graham et al., 2003) showed low TKC 9 efficiency ( Table 2) .
10
TKC defect was also observed in mutants in each of two genes VPS34 and FAB1 for 11 biosynthesis of phosphatidylinositol-3,5-biphosphate, a gene (VPS15) for recruiting
12
Vps34p to Golgi, and a gene (PEP3) for traffic between endosomes and vacuoles
13
( Slessareva et al., 2006; Srivastava et al., 2000; Stack et al., 1995) , as shown in result, TKC efficiency was improved in the wild type strain and in most of the mutants.
10
The resulting % wild type ratio of the mutants was as low as that obtained using URA3
11
( Table 2) . Growth of the mutants on YPD agar was compared with that on the synthetic 12 agar (Fig. 1) . Colony-forming-units was almost the same, although growth rate on the 13 synthetic agar was slower than that on YPD. protein encoded by SSB2. The difference in conjugability between these mutants was 7 consistent with that of sensitivity to CFW (Fig. 2B) . It is supposed that bacterial The mechanism of protoplast transformation is explained as endocytotic DNA uptake.
2
Neither the mutants found by Kawai et al. (2004) nor the endocytosis gene mutants 3 were included among the low-TKC mutants, which we found in this study. Our 4 examination of TKC in endocytosis mutants (Fig. 3) 
17
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